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(54) METHOD OF FORMING THREE-DIMENSIONAL CIRCUIT 

(57)Abstract: 

PURPOSE: To provide a method of forming an accurate microwave circuit by forming 
the pattern of resist on three-dimensional surface. 

CONSTITUTION: In a method of forming a microwave circuit, which forms a plate resist 
pattern 4 in the shape of a reverse pattern on a three-dimensional board 1 having a 
first metallic film 2 on the surface, and making a second metallic film 5 by electrolytic 
plating in piles on a circuit part in pattern shape, and etching it after removal of the 
plate resist 4 so as to form a circuit 6 of a metallic film in pattern shape, the board 1 
and a nozzle 3 are relatively shifted while jetting a jet material consisting of plate resist 
small area by small area from the nozzle 3 onto the first metallic film 2. Hereby, a plate 
resist 4 is made in the shape of a reverse pattern by controlling the direction of jet and 
the quantity of jet, according to the three-dimensional shape. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the formation approach of the microwave circuit which forms etching resist in the substrate 
of the solid configuration which has a metal membrane in the shape of a pattern, etches it into it, and 
forms the circuit of the shape of a pattern of a metal membrane in a front face From a nozzle the 
injection material which consists of etching resist on a metal membrane a small region every by moving 
a substrate and a nozzle relatively, making it inject The formation approach of the microwave circuit 
characterized by controlling the injection direction and the injection quantity according to a solid 
configuration, and forming etching resist in the shape of a pattern. 

[Claim 2] Plating resist is formed in the substrate of the solid configuration which has the first metal 
membrane on a front face in the shape of a reverse pattern. In the formation approach of the microwave 
circuit which forms in the pattern-like circuit section which exposed the second metal membrane by 
electrolysis plating in piles, carries out after [ clearance ] etching processing of the plating resist, and 
forms the circuit of a metal membrane in the shape of a pattern From a nozzle the injection material 
which consists of plating resist on the first metal membrane a small region every by moving a substrate 
and a nozzle relatively, making it inject The formation approach of the microwave circuit characterized 
by controlling the injection direction and the injection quantity according to a solid configuration, and 
forming plating resist in the shape of a reverse pattern. 

[Claim 3] In the formation approach of the microwave circuit which forms plating resist in the shape of a 
reverse pattern, and forms a metal membrane in a pattern-like circuit with nonelectrolytic plating after 
activating the substrate front face of a solid configuration From a nozzle the injection material which 
changes from plating resist to the activated substrate front face a small region every by moving a 
substrate and a nozzle relatively, making it inject The formation approach of the microwave circuit 
characterized by controlling the injection direction and the injection quantity according to a solid 
configuration, and forming plating resist in the shape of a reverse pattern. 

[Claim 4] The formation approach of the microwave circuit characterized by moving a substrate and a 
nozzle relatively, controlling the injection direction and the injection quantity according to a solid 
configuration, and forming a circuit in the shape of a pattern, making the injection material which 
changes from small region [ every ] electric conduction material to the part in which the circuit of the 
shape of a pattern on the front face of a substrate of a solid configuration is formed inject from a nozzle. 
[Claim 5] Making the injection material which changes from a small region [ every ] insulating material to 
the front face of the substrate of a solid configuration in which the conductive circuit pattern was 
formed inject from a nozzle Move a substrate and a nozzle relatively and the injection direction and the 
injection quantity are controlled according to a solid configuration. Making the injection material which 
forms an insulating layer and changes from small region [ every ] electric conduction material to the 
front face of this insulating layer further inject from a nozzle The formation approach of the microwave 
circuit characterized by forming a multilayer circuit by moving a substrate and a nozzle relatively, 
controlling the injection direction and the injection quantity according to a solid configuration, forming 
the circuit which consists of electric conduction material in the shape of a pattern, and repeating further 
formation of the circuit which consists of an insulating layer and electric conduction material. 
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[Claim 6] The formation approach of the microwave circuit characterized by injecting from a nozzle the 
injection material which controls the injection direction and the injection quantity to the interlayer 
connection hole between the circuits formed through the insulating layer according to the configuration 
of this interlayer connection hole, and changes from electric conduction material to it. 
[Claim 7] The first metal membrane of the bordeMine part of the field of the continuous circuit pattern 
with which the separated circuit pattern was connected to the front face by the energization bridge 
section using the substrate of the solid configuration which has the first metal membrane is removed. 
From a nozzle the injection material which consists of plating resist on the first [ of the energization 
bridge section ] metal membrane a small region every by moving a substrate and a nozzle relatively, 
making it inject According to a solid configuration, control the injection direction and the injection 
quantity, and plating resist is formed. After accumulating and forming the second metal membrane on 
the first [ of a circuit pattern ] metal membrane which performed electrolysis plating and was separated, 
The formation approach of the microwave circuit characterized by forming the separated circuit pattern 
which removes the first metal membrane of the part except plating resist and the separated circuit 
pattern of the energization bridge section, and consists of the first metal membrane and second metal 
membrane. 

[Claim 8] The formation approach of the microwave circuit according to claim 1 to 7 characterized by 
carrying out the neck swing of the nozzle and changing the injection direction. 

[Claim 9] The formation approach of the microwave circuit according to claim 1 to 7 characterized by 
controlling the injection direction by electric field. 

[Claim 10] The circuit formation approach of the microwave circuit according to claim 1 to 7 
characterized by spraying air and controlling the injection direction. 

[Claim 11] The formation approach of the microwave circuit according to claim 1 to 7 characterized by 
changing the passing speed of a nozzle and controlling the injection quantity. 

[Claim 12] The formation approach of the microwave circuit according to claim 1 to 7 characterized by 
changing the particle size of injection material and controlling the injection quantity. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of forming the circuit pattern which 
consists of a conductive coat in the front face of the substrate which has a solid configuration in more 
detail about the formation approach of a microwave circuit. 
[0002] 

[Description of the Prior Art] Before, application of the general approach of forming a circuit pattern in a 
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plate-like substrate as the formation approach of a microwave circuit is tried. For example, there is the 
approach of applying a photoresist all over the substrate of the solid configuration in which the thin 
metal membrane was formed on the whole surface, forming the resist pattern of a circuit and reverse by 
IMEJINGU, and forming the metal membrane of the part of a circuit in proper thickness with 
nonelectrolytic plating etc. 

[0003] However, by such approach, the pattern of a resist with exact difficult therefore forming the 
resist coat of uniform thickness all over a solid configuration is not obtained, but there is a problem to 
which pattern precision gets very bad. Moreover, even if it is able to form the resist coat of uniform 
thickness, in order to expose to homogeneity on the whole surface, it is necessary to apply light from 
various include angles, and very difficult also about this point. 

[0004] In order to solve the above trouble, not using a photoresist, how to form a direct resist pattern 
with an ink jet method can be considered, for example, this approach is shown in JP,63-194388,A. By 
this approach, since discharge, a substrate, and a nozzle are relatively moved for a resist solution from a 
nozzle, the pattern of a resist is formed and the pattern of a resist is obtained direct, some troubles 
resulting from using the aforementioned photoresist have been solved. 
[0005] 

[Problem(s) to be Solved by the Invention] However, even if it is in the above-mentioned ink jet method, 
when this method is applied to the substrate of a solid configuration, the coating weight of a resist 
differs in the flat surface, inclined plane, or vertical plane of a solid configuration, and the pattern of a 
resist cannot be formed well. 

[0006] It is made in order that this invention may solve the trouble of the above ink jet methods, and the 
object is to offer the formation approach of an accurate microwave circuit while forming the pattern of a 
resist also in the front face of a solid configuration with a sufficient precision. 
[0007] 

[Means for Solving the Problem] In the formation approach of the microwave circuit which invention 
according to claim 1 which solves the above-mentioned technical problem forms etching resist in the 
substrate of the solid configuration which has a metal membrane on a front face in the shape of a 
pattern, etches it into it, and forms the circuit of the shape of a pattern of a metal membrane From a 
nozzle the injection material which consists of etching resist on a metal membrane a small region every 
by moving a substrate and a nozzle relatively, making it inject It constitutes controlling the injection 
direction and the injection quantity according to a solid configuration, and forming etching resist in the 
shape of a pattern as a description. 

[0008] In addition, in order to make a substrate front face have a metal membrane, it can be based on 
wet or the dry-type metallizing methods, such as nonelectrolytic plating or a spatter. In the following 
invention, it can do similarly. 

[0009] Invention according to claim 2 forms plating resist in the substrate of the solid configuration 
which has the first metal membrane on a front face in the shape of a reverse pattern. In the formation 
approach of the microwave circuit which forms in the pattern-like circuit section which exposed the 
second metal membrane by electrolysis plating in piles, carries out after [ clearance ] etching processing 
of the plating resist, and forms the circuit of a metal membrane in the shape of a pattern From a nozzle 
the injection material which consists of plating resist on the first metal membrane a small region every 
by moving a substrate and a nozzle relatively, making it inject It constitutes controlling the injection 
direction and the injection quantity according to a solid configuration, and forming plating resist in the 
shape of a reverse pattern as a description. 

[0010] In the formation approach of the microwave circuit which invention according to claim 3 forms 
plating resist in the shape of a reverse pattern after activating the substrate front face of a solid 
configuration, and forms a metal membrane in a pattern-like circuit with nonelectrolytic plating From a 
nozzle the injection material which changes from plating resist to the activated substrate front face a 
small region every by moving a substrate and a nozzle relatively, making it inject It constitutes 
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controlling the injection direction and the injection quantity according to a solid configuration, and 
forming plating resist in the shape of a reverse pattern as a description. 

[001 1] In addition, activation on the front face of a substrate can be performed by forming the approach 
to which catalyst nuclei, such as palladium, are made to adhere, or the possible metal membrane of a 
nonelectrolytic plating deposit by gaseous-phase methods, such as a spatter, etc. 

[0012] Invention according to claim 4 constitutes moving a substrate and a nozzle relatively, controlling 
the injection direction and the injection quantity according to a solid configuration, and forming a circuit 
in the shape of a pattern as a description, making the injection material which changes from small region 
[ every ] electric conduction material to the part in which the circuit of the shape of a pattern on the 
front face of a substrate of a solid configuration is formed inject from a nozzle. 

[0013] Invention according to claim 5, making the injection material which changes from a small region 
[ every ] insulating material to the front face of the substrate of a solid configuration in which the 
conductive circuit pattern was formed inject from a nozzle Move a substrate and a nozzle relatively and 
the injection direction and the injection quantity are controlled according to a solid configuration. Making 
the injection material which forms an insulating layer and changes from small region [ every ] electric 
conduction material to the front face of this insulating layer further inject from a nozzle It constitutes 
forming a multilayer circuit as a description by moving a substrate and a nozzle relatively, controlling the 
injection direction and the injection quantity according to a solid configuration, forming the circuit which 
consists of electric conduction material in the shape of a pattern, and repeating further formation of the 
circuit which consists of an insulating layer and electric conduction material. 

[0014] Invention according to claim 6 constitutes as a description injecting from a nozzle the injection 
material which controls the injection direction and the injection quantity to the interlayer connection 
hole between the circuits formed through the insulating layer according to the configuration of this 
interlayer connection hole, and changes from electric conduction material to it. 

[0015] Invention according to claim 7 uses for a front face the substrate of the solid configuration which 
has the first metal membrane. The first metal membrane of the border-line part of the field of the 
continuous circuit pattern to which the separated circuit pattern was connected by the energization 
bridge section is removed. From a nozzle the injection material which consists of plating resist on the 
first [ of the energization bridge section ] metal membrane a small region every by moving a substrate 
and a nozzle relatively, making it inject According to a solid configuration, control the injection direction 
and the injection quantity, and plating resist is formed. After accumulating and forming the second metal 
membrane on the first [ of a circuit pattern ] metal membrane which performed electrolysis plating and 
was separated, The first metal membrane of the part except plating resist and the separated circuit 
pattern of the energization bridge section is removed, and it constitutes forming the separated circuit 
pattern which consists of the first metal membrane and second metal membrane as a description. 
[0016] In addition, in order to remove the first metal membrane of the border-line part of the field of the 
continuous circuit pattern, laser can be performed by irradiating this border-line part. 
[001 7] Invention according to claim 8 constitutes carrying out the neck swing of the nozzle and changing 
the injection direction as a description in invention according to claim 1 to 7. 

[0018] Invention according to claim 9 constitutes controlling the injection direction by electric field as a 
description in invention according to claim 1 to 7. 

[0019] Invention according to claim 10 constitutes spraying air and controlling the injection direction as 
a description in invention according to claim 1 to 7. 

[0020] Invention according to claim 1 1 constitutes changing the passing speed of a nozzle and 

controlling the injection quantity as a description in invention according to claim 1 to 7. 

[0021] Invention according to claim 12 constitutes as a description changing and controlling the particle 

size of the injection material injected in the injection quantity in invention according to claim 1 to 7. 

[0022] 

[Function] In invention according to claim 1, since the injection material which consists of etching resist 
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is injected a small region every on the metal membrane of the substrate of a solid configuration, a 
substrate front face is supplied in the shape of [ with detailed injection material ] a pattern, and the 
pattern of etching resist is drawn. At this time, by moving a substrate and a nozzle relatively, the 
injection direction and the injection quantity are controlled according to the slant face and vertical plane 
of a solid configuration, and it has thickness of uniform etching resist at every part of a solid 
configuration. 

[0023] And the circuit of a pattern-like metal membrane is obtained by etching based on the pattern 
configuration of this etching resist. 

[0024] In invention according to claim 2, since the injection material which consists of plating resist is 
injected like invention according to claim 1 on the first metal membrane of the substrate of a solid 
configuration, the pattern of detailed plating resist is formed. 

[0025] And since the second metal membrane of electrolysis plating is formed on the first metal 
membrane used as the aperture opening section of plating resist of the shape of this pattern, the circuit 
of a pattern-like metal membrane is obtained. 

[0026] In invention according to claim 3, since the injection material which consists of plating resist is 
injected by the substrate front face of the activated solid configuration like invention according to claim 
1, the pattern of detailed plating resist is formed. 

[0027] And since activation to which the pattern-like circuit section in which this plating resist is not 
formed presupposes that it is possible a nonelectrolytic plating deposit is performed and the metal 
membrane of nonelectrolytic plating is formed, the circuit of a pattern-like metal membrane is obtained. 
[0028] In invention according to claim 4, since the injection material which consists of electric 
conduction material is injected by the substrate front face of a solid configuration like invention 
according to claim 1, the circuit of the shape of a pattern of detailed electric conduction material is 
obtained. 

[0029] In invention according to claim 5, formation of a wrap insulating layer winds a circuit pattern-like 
conductive layer and this conductive layer many times, and ******** and a detailed multilayer circuit 
are formed. 

[0030] In invention according to claim 6, the injection material which changes from electric conduction 
material to an interlayer connection hole is injected, and electric connection between the circuits 
formed through the insulating layer is made by this injection material. 

[0031] Since the first metal membrane of the border-line part of the continuous circuit pattern is 
removed and invention according to claim 7 is energized only into this continuous circuit pattern part, it 
can perform the process which forms plating resist in a short time that what is necessary is to form 
plating resist only in the energization bridge section. 

[0032] Moreover, since the injection material which consists of plating resist is injected like invention 
according to claim 1 on the first metal membrane of the substrate of a solid configuration, the pattern of 
detailed plating resist is formed also in the energization bridge section of a solid configuration. 
[0033] In invention claims 8 and 9 or given in ten, injection material is injected from the nozzle to 
various inclined planes, vertical planes, etc. of a substrate of a solid configuration by giving the neck 
swing of a nozzle, and the injection material which has electrolysis injected, respectively, or spraying air 
on the injection material injected. 

[0034] In invention claim 1 1 and given in 12, the passing speed of a nozzle is changed corresponding to 
the skew ratio of the slant face of a solid configuration, or since the particle size of the injection 
material injected is changed and the injection quantity is controlled, the amount of supply of the 
injection material per unit area becomes fixed, respectively. 
[0035] 

[Example] The example of this invention is concretely explained based on an attached drawing. 
[0036] An example 1 is explained below based on drawing 1 thru/or drawing 6 . Drawing 1 is the 
explanatory view showing each process of this example. Moreover, drawing 2 is the explanatory view 
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showing the outline configuration of the coater which applies injection material to various slant faces 
and vertical planes of a solid configuration of this example, and drawing 3 is the explanatory view 
showing control of the coverage according to a solid configuration. 

[0037] Moreover, drawing 4 and drawing 5 show another configuration corresponding to drawing 2 , and 
drawing 6 is the explanatory view showing another control corresponding to drawing 3 . 
[0038] Based on drawing 1 , each process is explained below first. (A) shows the cross section of the 
substrate 1 which consists of the resin of a solid configuration, and injection molds and forms trade 
name Ultem 2400 by Japan JII plastics incorporated company as polyether imide. Further, As shown in 
(B), it is thickness 0.5 by direct-current magnetron sputtering to the front face of this substrate 1 . The 
copper film 2 of mum is formed and it is considering as the substrate 1 of the solid configuration which 
has a copper film 2 as the first metal membrane. 

[0039] To a degree As shown in (C), from the nozzle 3 of the printer of an ink jet method, inject and 
apply to parts other than copper film 2 used as a circuit 6 (non-circuit part) the ink of the ultraviolet 
curing mold which has plating-proof nature as injection material, it is made to harden by UV irradiation, 
and the pattern-like plating resist 4 is formed. 

[0040] In this case, since the injection material which consists of plating resist is injected a small region 
every on the metal membrane 2 of the substrate 1 of a solid configuration, injection material is supplied 
to substrate 1 front face in the shape of [ detailed ] a pattern, and the pattern of plating resist 4 is 
drawn. At this time, by moving a substrate 1 and a nozzle 3 relatively, the injection direction and the 
injection quantity are controlled according to the slant face and vertical plane of a solid configuration, 
and it has uniform thickness at every part of a solid configuration. 

[0041] Drawing 2 is what showed the outline configuration of this coater, and applies the ink of the 
ultraviolet curing mold which has plating-proof nature for the nozzle 3 of the printer of an ink jet method 
as anchoring and injection material in 6 shaft articulated robot 7 to parts other than copper film 2 which 
becomes a circuit 6 from the ink feeder 8. At this time, it controls by 6 shaft articulated robot 7 by 
which the injection direction was connected to robot control equipment 12, carrying out sensing of the 
configuration of a substrate 1 with the image processing system which consists of a sensor 9, sensor- 
control equipment 10, and the personal computer 1 1 for control. 

[0042] Spreading not only on a horizontal level but vertical ******, a slant face, and a curved surface is 
attained by carrying out the neck swing of the nozzle 3 as mentioned above, and changing a direction 
freely. 

[0043] Moreover, at this time, by changing the passing speed of a nozzle 3 according to the skew ratio 
of the slant face of a substrate 1 , spreading on a slant face or a curved surface can be performed, and 
an ink particle can be applied on a substrate 1 at the same rate of a pile as a horizontal level. 
[0044] That is, the injection direction and the injection quantity are controlled according to the slant 
face and vertical plane of a solid configuration, and the plating resist 4 of uniform thickness is obtained 
by every part of a solid configuration. 

[0045] Drawing 3 shows the control state of the injection quantity to this slant face. For example, As 
shown in (A), when applying to a 30-degree slant face the ink particle of the injection material of the 
same particle size injected with uniform pulse separation, a horizontal level and a slant face can be 
applied at the same rate of a pile by applying to a slant face at about 86.6% of rate of the rate of a 
horizontal level. Moreover, it is at 45 degrees. As shown in (B), a horizontal level and a slant face can be 
applied at the same rate of a pile by applying to a slant face at 70.7% of rate of the rate of a horizontal 
level. In addition, the nozzle diameter at this time is performed by 65 micrometers, and the pulse 
frequency is performed by 11280PPS. 

[0046] Furthermore, subsequent processes, are explained below using drawing 1 . Drawing 1 As shown in 
(D), electrolytic copper plating is performed to a substrate 1 , the second metal membrane is 
accumulated and formed in the part to which ink is not applied, and a copper film 2 is grown up to 20- 
micrometer thickness. They are electrolysis nickel plating of 10 micrometers of thickness, and thickness 
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0.5 to this part. Electrolysis gilding of mum is performed and the metallic film 5 which consists of copper, 
nickel, and gold is formed. Although a metallic film 5 can also be formed with nonelectrolytic plating at 
this time, it is based on electrolysis plating, and the deposit rate of a metallic film 5 is [ direction ] quick, 
and management of plating liquid etc. can be worked easily. 

[0047] After this, Ink 4 is made to exfoliate by BOKUSUI Brown's, Inc. trade name URESORUBU plus as 
a resin resolvent containing 60 - 80% of 2-methoxyethanol, as shown in (E). As shown in (F), copper 
software etching is performed, copper films 2 other than the circuit of a metallic film 5 are removed, and 
the circuit 6 of the shape of a pattern which consists of copper, nickel, and gold is formed. 
[0048] In addition, in order to inject injection material from a nozzle 3 corresponding to a slant face, a 
vertical plane, etc. of a solid configuration, it can replace with the neck swing of the above-mentioned 
nozzle 3, and can also carry out by the approach explained below. 

[0049] This example is explained based on drawing 4 . the injection section in which 20 injects ink in this 
drawing — it is — this injection section 20 — immediately — caudad — the electrification electrode 21 
— and a deflecting electrode 22 is arranged further caudad and the nozzle 3 is formed. Moreover, the 
injection section 20 is equipped with the source 23 of excitation, and injection material is injected as an 
ink particle by this source 23 of excitation. 

[0050] And this ink particle is electrified with the electrification electrode 21, and further, since it can be 
deflected in a deflecting electrode 22 in an electrostatic field, spreading on vertical ****** or a slant 
face is attained. 

[0051] Drawing 5 shows a different example from the above, this — In (A), 24 is an air nozzle and 
spreading of the ink particle injected from the nozzle 3 on vertical ****** or a slant face is attained by 
making it deviate with the air which blows off from this air nozzle 24. moreover To be shown in (B), many 
air nozzles 24 are arranged in the shape of the center of a circle around a nozzle 3, and are controlling 
the direction of an ink particle by controlling the strength of each air nozzle 24. 

[0052] Moreover, about control of the injection quantity to the slant face of a solid configuration, it can 
replace with the above mentioned approach of changing the passing speed of a nozzle 3 according to 
the skew ratio of the slant face of a substrate 1, and can also carry out by the approach explained 
below. 

[0053] This example is explained based on drawing 6 . In this example As shown in (A), it is a diameter of 
a nozzle to a nozzle 3 20 micrometers, 40 micrometers, 60 micrometers, 80 micrometers, and 100 mum 
and 120 The device which can be chosen from mum is established. For example, many nozzles can be 
prepared and it can be made the device of exchanging for rotary system. Thus, the particle size of an 
ink particle can be changed by changing the diameter of a nozzle. Moreover, at the time of spreading, 
the particle size of an ink particle can consider that it will be about 5 times the diameter of a nozzle, 
and can choose it according to the line width of face to draw. 

[0054] And it is even if fixed in the passing speed of a nozzle 3, As shown in (B), it becomes possible to 
apply an ink particle on a substrate 1 in the same pitch as a horizontal level by changing the particle 
size of an ink particle according to the skew ratio of the slant face of a substrate 1 . Moreover, the 
diameter of a nozzle is made small at the part which takes a detailed pattern to change the diameter of 
a nozzle in this way, and it becomes possible to apply a big field to enlarge the diameter of a nozzle. 
[0055] An example 2 is explained below based on drawing 7 . Drawing 7 is the explanatory view showing 
each process of this example. 

[0056] first the front face of the substrate 1 which consists of the resin which injection molded and 
formed trade name Ultem 2400 by Japan JII plastics incorporated company as polyether imide as shown 
in (A) — direct-current magnetron sputtering — thickness — 0.5 The copper film 2 of mum is formed, 
electrolytic copper plating is performed after this, and it is considering as the substrate 1 of the solid 
configuration which has the copper film 2 of 20 micrometers of thickness as a metal membrane. And the 
copper film 2 is etched into a pattern-like circuit using etching resist. 

[0057] To a degree To the substrate 1 which serves as an insulating layer as shown in (B) By the C02 
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laser, processing of the interlayer connection hole 13 with a diameter of 0.35mm is performed without 
removing copper film 2a of one side, and it considers as the substrate 1 which has the solid 
configuration of the interlayer connection hole 13. Further, As shown in (C), the interlayer connection 
hole 13 is injected and filled up with the conductive ink 14 which contains copper powder, resin, and a 
solvent as injection material from the nozzle 3 of the printer of an ink jet method. At this time, the 
injection quantity is controlled by changing the diameter of a nozzle of the printer of an ink jet method 
according to the path of the interlayer connection hole 13. For example, it is a diameter of a nozzle 20 
micrometers, 40 micrometers, 60 micrometers, 80 micrometers, and 100 mum and 120 The device which 
can be chosen from mum is established and the path of a nozzle 3 is changed. Moreover, after the 
particle size of ink applying, and taking into consideration that it will be about 5 times the diameter of a 
nozzle, the optimal diameter of a nozzle is chosen and injected according to the path of the interlayer 
connection hole 13. 

[0058] At the last As shown in (D), it is about the part of the interlayer connection hole 13. By heating 
for 30 minutes at 100 degrees C, the conductive ink 14 inside the interlayer connection hole 13 is made 
into the conductive layer which uses copper as a principal component, and between the copper films 2 
of the circuit of substrate 1 both sides is connected electrically. 

[0059] As mentioned above, in this example, since the diameter of a nozzle of a printer is changeable 
corresponding to the magnitude of the interlayer connection hole 13, it can respond also to the 
interlayer connection hole 13 of various magnitude enough. 

[0060] In addition, the interlayer connection hole 13 is first formed in the substrate 1, and the part of a 
circuit 2 may also inject and form injection material from a nozzle 3. Moreover, when the interlayer 
connection hole 13 is large, conductive ink 14 can also be applied to the wall of the interlayer 
connection hole 13 by controlling the rate of the injection direction and a nozzle 3 etc. 
[0061] An example 3 is explained below based on drawing 8 . Drawing 8 is the explanatory view showing 
each process of this example. 

[0062] (A) shows the microwave circuit plate formed by the approach of an example 1, and, as for this 
microwave circuit plate, the copper thickness pattern [ of 20 micrometers ]— like circuit 6 is formed in 
the substrate 1 of a solid configuration. 

[0063] On the front face of this microwave circuit plate As shown in (B), further, from the nozzle 3 of 
the printer of an ink jet method, apply the ink of the ultraviolet curing mold which has plating-proof 
nature all over a solid configuration, it is made to harden by UV irradiation, and an insulating layer 16 is 
formed. When spreading in this case also controls the injection quantity and the injection direction, 
spreading according to a solid configuration is performed. 

[0064] To a degree As shown in (C), after applying the conductive ink 14 containing copper powder, 
resin, and a solvent on an insulating layer from the nozzle 3 of the printer of an ink jet method It heats 
for 30 minutes at 100 degrees C, and circuit 6a of a conductive layer is formed. When controlling the 
injection quantity and the injection direction also at this time, spreading corresponding to a solid 
configuration can be performed. 

[0065] Then, it is still more final by repeating formation of an insulating layer 16 and a conductive layer 6, 
As shown in (D), the multilayer circuit which consists of the conductive layers 6, 6a, and 6b of three 
layers is completed. 

[0066] In addition, although the microwave circuit plate first formed by the approach of an example 1 
was used in this example, making the circuit part of the front face of the substrate 1 of a solid 
configuration inject a small region every by making conductive ink 14 into injection material, a substrate 
1 and a nozzle 3 may be moved relatively, the injection direction and the injection quantity may be 
controlled according to a solid configuration, and a conductive layer 6 may be formed in the shape of a 
pattern. 

[0067] An example 4 is explained below based on drawing 9 . Drawing 9 is the explanatory view showing 
each process of this example. 
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[0068] (A) shows the condition of having formed the copper film 2 in the front face of the substrate 1 
which consists of the resin of the solid configuration shown in the example 1 by nonelectrolytic plating 
or the spatter at 20-micrometer thickness. 

[0069] Next, this substrate 1 is received, Making the injection material which consists of etching resist 
on a copper film 2 inject a small region every from a nozzle 3, as shown in (B), by moving a substrate 1 
and a nozzle 3 relatively, the injection direction and the injection quantity are controlled according to a 
solid configuration, and the pattern of etching resist 16 is formed in the pattern section of a circuit. 
Injection of the injection material which consists of this etching resist can be controlled like an example 
1, and can be performed. 

[0070] After this, (C) It reaches. As shown in (D), etching processing is carried out, etching resist 1 6 is 
exfoliated, and the circuit pattern of a copper film 2 is formed. Further, As shown in (E), they are non- 
electrolyzed nickel plating of 10 micrometers of thickness, and thickness to this copper film 2. 0.5- 
micrometer non-electrolyzed gilding is performed and the circuit 6 of the shape of a pattern which 
consists of copper, nickel, and gold is formed. 

[0071] As mentioned above, in this example, first, the copper film 2 is formed in 20-micrometer 
thickness with nonelectrolytic plating, is etched, and the circuit pattern of the copper film 2 of this 
thickness is obtained. Therefore, the process which performs electrolytic copper plating in the shape of 
[ of an example 1 ] a pattern is skipped, and the process is easy. 

[0072] An example 5 is explained below based on drawing 10 . Drawing 10 is the explanatory view 
showing each process of this example. 

[0073] (A) makes palladium 17 adhere to the front face of the substrate 1 which consists of the resin of 
the solid configuration shown in the example 1 as a catalyst nucleus, and shows the condition of having 
been activated so that metallic films, such as the copper film 2 by nonelectrolytic plating, could deposit. 
In addition, the metal membrane in which a nonelectrolytic plating deposit is possible may be formed 
very thinly by gaseous-phase methods, such as a spatter. 

[0074] To a degree Making the injection material which changes from plating resist to the front face to 
which the palladium 17 of this substrate 1 was made to adhere inject a small region every from a nozzle 
3, as shown in (B), by moving a substrate 1 and a nozzle 3 relatively, the injection direction and the 
injection quantity are controlled according to a solid configuration, and the pattern of plating resist 4 is 
formed in the pattern section of a circuit. 

[0075] Injection of the injection material which consists of this plating resist can be controlled by the 
same approach as an example 1, and can be performed. Moreover, apply to parts other than copper film 
2 used as a circuit 6 (non-circuit part) using the ink of the ultraviolet curing mold which has plating- 
proof nature like an example 1, it is made to harden by UV irradiation, and injection material also forms 
the pattern-like plating resist 4. 

[0076] After this, As shown in (C), the circuit 6 is formed in the part which has exposed the palladium 17 
in which plating resist 4 is not formed with nonelectrolytic plating. This circuit 6 is [ plating / non- 
electrolytic copper ] thickness 0.5 about 10 micrometers of thickness, and non-electrolyzed gilding in 20 
micrometers of thickness, and non-electrolyzed nickel plating. It carries out in order of mum and is 
considering as the circuit 6 of the shape of a pattern which consists of copper, nickel, and gold. 
[0077] Further, As shown in (D), plating resist 4 is exfoliated, etching processing is performed, the 
palladium 17 between circuits is removed, and the insulating dependability between circuits is raised. 
[0078] In addition, if high insulating dependability is not needed especially, the microwave circuit plate 
which left the permanent resist may be formed between circuits 6 using the injection material which 
consists of permanent resists, such as a solder resist. 

[0079] Since according to this example the first substrate 1 does not need to have a metal membrane 
and the circuit 6 of a pattern-like metal membrane is moreover obtained after nonelectrolytic plating 
termination, the process is easy short. 

[0080] An example 6 is explained below based on drawing 1 1 . Drawing 1 1 is the explanatory view 
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showing each process of this example. 

[0081] By the approach shown in the example 1, the sectional view of (A) is thickness as the first metal 
membrane. The substrate 1 in the condition of having formed the 0.5-micrometer copper film 2 is shown. 
[0082] next the sectional view of (B) — and — As shown in the perspective view of (C), the copper film 
2 of border-line partial 18C of the continuous circuit pattern 18 is removed by irradiating laser at this 
border-line partial 18C. This continuous circuit pattern 18, It connects and between circuit pattern 
section 18a separated is made to continue by energization bridge section 1 8b, as shown in (C). 
Moreover, 19 is the non-circuit part of the outside of this continuous circuit pattern 18, In the sectional 
view of (B), copper film 2a is equivalent to this non-circuit part. 

[0083] Moreover, the laser radiation at this time condenses laser with a lens, a substrate 1 and laser are 
moved relatively, and the exposure of laser is made to be performed all over a required part. Control of 
the pattern width of face of laser radiation is controlled by adjusting the focal distance of a lens, or the 
location of a substrate 1 for example, for the amount of defocusing, and adjusting the beam diameter of 
the front face of a substrate 1. The details of the pattern which cannot draw with a thick beam draw by 
making a substrate 1 in agreement with a focal location, and making a narrow beam. Power of laser It is 
good to adjust operating speed or laser oscillation reinforcement so that it may become 0.1 - 1.0 J/cm2. 
[0084] furthermore the sectional view of (D) — and — Making the injection material which changes from 
plating resist to energization bridge section 18b inject a small region every from a nozzle 3, as shown in 
the perspective view of (E), by moving a substrate 1 and a nozzle 3 relatively, the injection direction and 
the injection quantity are controlled according to a solid configuration, and the pattern of plating resist 4 
is formed in the pattern section of a circuit. 

[0085] The pattern of this plating resist 4 can be formed by the same approach as an example 1. 
[0086] then the sectional view of (F) — and — the part of the circuit pattern 18 which continued as 
shown in the perspective view of (G) — as the second metal membrane — copper — 20 micrometers of 
thickness, and nickel — 10 micrometers of thickness, and gold — thickness 0.5 Electrolysis plating is 
carried out and the metallic film 5 is formed in the order of mum. 

[0087] furthermore the sectional view of (H) — and — and — A resist 4 is exfoliated as shown in the 
perspective view of (I), the sectional view of (J) — and — and — As shown in the perspective view of 
(K), the circuit 6 of the shape of a pattern which consists of copper, nickel, and gold can be obtained by 
carrying out etching processing. 

[0088] As mentioned above, since there are few parts which form plating resist 4 that what is necessary 
is to form plating resist 4 only in energization bridge section 18b in this example, this process can be 
performed in a short time. Moreover, since the pattern of detailed plating resist is formed also in 
energization bridge section 18b of a solid configuration, an accurate circuit can be formed. 
[0089] 

[Effect of the Invention] The injection direction and the injection quantity are controlled according to 
the slant face and vertical plane of a solid configuration, and invention according to claim 1 serves as 
thickness of uniform etching resist at every part of a solid configuration while injection material is 
supplied to a substrate front face in the shape of [ detailed ] a pattern and is drawn. Therefore, the 
pattern of etching resist can be formed over a detail and uniform thickness all over a solid configuration. 
And since it can etch based on the pattern configuration of this etching resist, the circuit of a pattern- 
like metal membrane is formed with a sufficient precision. 

[0090] Also in invention according to claim 2, plating resist can be formed over a detail and uniform 
thickness like invention according to claim 1 all over a solid configuration, and the circuit of a pattern- 
like metal membrane is formed with a sufficient precision by electrolysis plating according to this resist 
pattern. 

[0091] Moreover, since the circuit of a metal membrane is formed by electrolysis plating, a thick circuit 
is formed for a short time, and has become the formation approach of a microwave circuit with sufficient 
productivity. 



-11 - 



[0092] Moreover, a circuit is formed to the pattern of a resist very faithfully, and a more accurate 
microwave circuit can be formed. This is because there is no problem on which the side face of the 
circuit of a metal membrane is etched into, and the width of face of a circuit becomes thin, as the 
formation approach of the circuit by etching sees. 

[0093] Also in invention according to claim 3, plating resist can be similarly formed over a detail and 
uniform thickness all over a solid configuration, and the circuit of a pattern-like metal membrane is 
formed with a sufficient precision by nonelectrolytic plating according to this resist pattern. 
[0094] Moreover, it is not necessary to form a metal membrane all over a substrate first, the circuit of a 
pattern-like metal membrane is obtained direct, and the process is short. 

[0095] Invention according to claim 4 is formed over thickness with the detail and uniform circuit of the 
shape of a pattern which consists of electric conduction material all over a solid configuration, it is 
unnecessary in processes, such as etching and plating, and the process is short further. 
[0096] Invention according to claim 5 can repeat formation of the conductive layer of a detail and 
uniform thickness, and the insulating layer of homogeneity thickness many times, and can form a 
detailed and highly precise multilayer microwave circuit. 

[0097] Invention according to claim 6 does not need a complicated process so that according to the 

conventional plating, but can perform easily injecting and injecting into the hole between layers the 

injection material which consists of electric conduction material by the ink jet method. 

[0098] Invention according to claim 7 can perform the process which forms plating resist in a short time 

that what is necessary is to form plating resist only in the energization bridge section. 

[0099] Moreover, since the pattern of detailed plating resist is formed also in the energization bridge 

section of a solid configuration, an accurate circuit can be formed. 

[0100] Invention claims 8 and 9 or given in ten can inject injection material from a nozzle to various 
inclined planes, vertical planes, etc. of a substrate of a solid configuration. Therefore, the pattern of a 
resist or electric conduction material can be formed in the substrate of a solid configuration. 
[0101] By actuation of changing the passing speed of a nozzle, invention according to claim 1 1 can go 
across injection material all over a solid configuration, and can supply it to a detail and uniform thickness. 
[0102] In invention according to claim 12, by actuation of changing the particle size of the injection 
material injected, it can go across injection material all over a solid configuration, and a detail and 
uniform thickness can be supplied. Moreover, since the width of face of the pattern of the resist which 
draws by changing particle size, or electric conduction material is changeable, in the case of thick 
pattern width of face, the count which draws with a big particle size and is operated is reduced, and the 
whole can be drawn in a short time. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing each process of an example 1. 

[Drawing 2] It is the explanatory view showing the outline configuration of the coater of an example 
same as the above. 

[Drawing 3] It is the explanatory view showing control of the coverage of an example same as the above. 
[Drawing 4] It is the explanatory view showing the outline configuration of another coater of an example 
same as the above. 

[Drawing 5] It is the explanatory view showing the outline configuration of another coater of an example 
same as the above. 

[Drawing 6] It is the explanatory view showing control of another coverage of an example same as the 
above. 

[Drawing 7] It is the explanatory view showing each process of an example 2. 
[Drawing 8] It is the explanatory view showing each process of an example 3. 
[Drawing 9] It is the explanatory view showing each process of an example 4. 
[Drawing 10] It is the explanatory view showing each process of an example 5. 
[Drawing 1 1] It is the explanatory view showing each process of an example 6. 
[Description of Notations] 

1 Substrate 

2 Copper Film 

3 Nozzle 

4 Plating Resist 

5 Metallic Film 

6 Circuit 

7 6 Shaft Articulated Robot 

8 Ink Feeder 

9 Sensor 

10 Sensor-Control Section 

1 1 Personal Computer for Control 

12 Robot Control Equipment 

13 Interlayer Connection Hole 

14 Conductive Ink 

1 5 Insulating Layer 

16 Etching Resist 

17 Palladium 

1 8 Circuit Pattern 

19 Non-Circuit Part 

20 Blowout Section 

21 Electrification Electrode 

22 Deflecting Electrode 

23 Source of Excitation 

24 Air Jet Hole 
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*»6riE*^«&it5*»J«'r*. C ©£#?»»$?& 

•3*C«t*^F*«^«ftl«5©«TffijgflE»*a<. * 



(5) 

[0 0 4 7] (E)lC^f <tf>{C. 2-* H*->X 

4 5riiJgiS-&, (F) \Z7jk~T£5iZ, a©77M7f> 
^SrfT^, &«Jft«5©III»&*©*IR2£R5fcbT, 

[0 0 4 8] ft*, xLfcMVW&ftRZSm&mmzttfo 

io LT' i iw«^yx;w3*^'«w-r^(c«, ±i2Lfcyx 

[0 0 4 9] 04KS^T£<D-0!l£i&9rr5. CCD 
BfCii^T, 2 Ott-f >^S«Sfr-5»Rltfi8T?»0. C 
©i«»ffl2 0©T<*T*C#«««2 1, fttf. £<=>(:: 
T^^ffl|S]«S2 2 SrBE^LTy X;U3 £J£j£LT<^ 

«w«2 ofctta«as2 3*«a. c©ati 

So 

20 [0 0 5 0] *IT, CO-f >f 2 IT 

^*31t, Sf>C, -€-n*«|fil««2 2JCfet»T, »tt 

©^ft#l»Jtg£ft-3%>©T&.5. 
[0 0 5 1] 0 5te±fB£:gft-g>0iJ£^-f =k©T-;J5-2>. 

ccd (AMc&^x, 2 4ii2Sy XJi/r&oT. /X/u 
3*^i«i#snfe'f >^s^ttccosm/x;i/2 4#>e, 

3:^B^#tB^©m*a*nT^<i:ft5. (B)Jc^-r 

30 &iEB$n, *n-€ f n©?s»yx;u2 4©3SiiS:«ii-r 

[0052] sfc. ftfr^o^ffi^owttaoajiiK 
•p^xtt. mwL\<Dmw<Dmm.\zfovx;x)V3<D®m 
mmz^tzttziftmLtcjimzR^T, &,r\zmm-r 

[0 0 5 3] H6HX^TJ1©— «S»Wr*. C(0 
MTU (A)t^T«t5»C, ;X)VZ\z;X)V%&. 20 
Mm, 40;u.rru 60/xm. 80/zm> 100 u m, 120 y m(D 

40 &&w>»Tn-?v-3£.\z3m-rzm(D®miz?2>z\£ 
fc, -f yzusL^ottmitrnftmiz; X)im<r>m5&tf3. 

[0 0 5 4] -tUT, yX;P3©&»)jgS£-5£KLT 
lit, S«l©^ffl©^S(cj£:i;T7K¥gRtK-©t; 

■> ^T-r > 9 &t * s« i ± \zmi$ z. t tmm t ft 
so ^„ ^©«t-5»cyx;ug*«{b$-fr*^tT, fit 
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[0 0 5 5] ^SS^tJ 2517 K*-^lr>T«TJCRWr 
«. B 7 tt*^IWOftl8**t»9iBT*S. 
[0 0 5 6] $fe-f> (A) #UX-fM 

-sa^i ©Affile. aatT^hD^xAy^'j 

=k9SI/#£0. 5 /imCSl2*ML, d©*£, *«MH 
fco#£frV>. *J)l«ttUTKJ?20MmO«IKI2**-r 
54#MC»Kli:l/THS. fLt, Xy^^U- 

[0 0 5 7] a»£a*?-J:5lC, *6i&Jl£:&5g 

SIC C02U— tfCtfl, jSSO. 35nn<Z>JIMSIg7tl 3 
©J>DX£>tffi©lilt2 a£RS*Lfc^-CfT^. JHH&tt 

7t i 3 ©3t<*»#s*rf **« i t-r*. it, -(0 \z 

1 4 1 3 l:«MLT^«t5. £© 

0<J^.«. yX;VS£20um. 40^m, 60Mm, 
80ym, 100 /xm, 120 /zm©*a>£8&T£S*Hi£ 

3&«Sfe#»tt / X)l&<D® 5 « <h ft 5 Z. <b bfc± 

[0 0 5 8] flfcftC (D) C^Tcfc 5 iC, MTH&tiin 1 3 
©SBfl-SJUfflWK: 100 < CT30»^in^T-5 Z. t\Z «fc 0 . 

■mttttft 1 3 ©^©simtt-f >^ i 4 5^^±)Bg» 

ttSiflil, *«lMB©|5|8&©IIffil2ra£*Sl 
[0 0 5 9] £U©cfc5tC, ^©^JfiWTtt, JIffl&tt 
SCt*tT#S(DT, t^3^3&*££©JlPfl»ic7tl 

[0060] «*otca« i csmaEtt^c 1 3 

f£LT&£, @&2©gB#t>«W«£/"X;i/3^£>i»W 

[0 0 6 1 ] IU£0y 3 £0 8 CI^HTKTKKWt 
3. 0 8«**ig^j0&lS5^-riJiB^BlTa&S o 
[0 0 6 2] (A)H5fe«S«l©*teC«fc-aT»ricSnfc 

IC«JP*20um^^->«©ElK6**»l«SnTU*. 
[0 0 6 3] C©li#lHlK«<0*BC (B) tc^f <fc3 



(6) 

c, sec-f >^vx>> h*jC©xu>^-oyx;i'3j: 

[0 0 6 4] WC, (C)fcST«fc3lC, -f >^v ? x-7 h 
#5£©X'J>*-©yX;i/3«fcO, flt», WIB, ^»J?r 
*t»#«tt-f>* 1 4««M±(Ztt#1ft 100 C CT30^ 
>o Winij»LT, a*«H©|H!J&6 aSH^c**. 

[0 0 6 5] iH©?£, IC ttftJI 1 6 S^fl 6 © 
C. 3101116, 6 a, 6 b**&J«*#JIIsI!&S^ 

[0 0 6 6] ft*5, £©#U60i|Tti:, *3OCHJ60!I 1 CD 
■i >9 1 4 S*»*f t bTft#»ttOS« 1 ©«EB©[U 
3t*ffijtf«i:«!|i3tt, Siflc»«t«:i;T*»*|fijR 

[0 0 6 7] ^Jfi«4SB9KS"^UT£JlTCittWr 

[0 0 6 8] (A) 1 C^bfc£#«K©«lllfr 

6J&-5KS1 ©SEC «2S:»i»J?)-3f 1 XteX 

4. 

30 [0 0 6 9] £©8«1 C*fLT, (B)iC^fJ; 

^ y 3 ^ e. s <=> . Ituy 

X;U3££ffl*h$C&»$-&*d£Ccfc^T, StttJIM* 

[0 0 7 0] (C)Ktf (WC^-TckpC, x-> 

40 2©'B»^j'->t*l*LTV>*. MtC (E)C^f«t 
51:, u®$I2 C!^PlOMm©ii«^xyy;ua?)o 
^ff 0. 5#m©aMWK£»-3#£ff^, ffi, x-y^ 

[0 0 7 1 ] JW±©=t5tc. C©^JfiWPtt«W»C*l« 
2 5«««fe o «■ (C ± o T20 u mi*l:W LTt5 0 , 

x y 9- y ^ l t z. <Dm&<Dmm 2 © @8S/i^ - >*n# 5 

[0 0 7 2] HJS^J 55010 CS^^TJKTCttt^-r 
so 4., 01 O«**i60iJ©§X@5^-ri^f!'!0T*?.o 
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[0073] (a) \tmmm 1 K*bfcs:fr»«©»iiB^ 

f**S-a\ fc«*ao*K«k*«l« 2 
[0 0 7 4] ^ic. (B) 

& / 3 a» & /h««-^"3»its £ . s 

©A* — >8B£J&-3#l<'v J ;*. V 4 <r>n J&fftt 
[0 0 7 5] urofcofruv 5 * hd^6)J«*<!Rlt*f©"ait 

So 

[0 0 7 6] (0 tC^-r«t5fC, 

h 40MSnT^ft W^i^'JA 1 7©gHibTI^-5 

[0 0 7 7]SfC, (D) ftotl/yXh 

4 emeu xy^>yjaaftfTt». hkiunda?-:** 
[0078] mz&^mmfsm&i&mtvwf 

Sfflli, 0B56IW»C*^U5>;*h4Sb&ft#lHlg&«£ 

[0079] ^©iijswc «fcn«. ft?o©si£ i b&m 

[0 0 8 0] 6*011 KS-^lriTaTfcRWr 

«. 01 1 ^^0J©#ie£^TISiHJ0T'£>S„ 

[0 0 8 1 ] (A)©WriBHttll!!S«lK*Ufc*j£t«t 
ot, m-»^||^tLTKJ# 0. 5Mm(73^M2 ZM&l 

Litvtmomm 1 s^tTn*. 

[0 0 8 2] (B) ©WfiBHRtX (0 ©#4S!0tC^ 

t<t5i:, iil*LfcllB&/t*->l 8 0)ttffiHlffi^l 8 
CO*(t2S, V— *t*Z.<»WNKMto\ 8 CKIMtT 
*Ctlc«tt>T»*bTt»*. £©*ttbfcBI6/t* — 
>18tli (C)fc*TJ:3fc, »*iKfcLfcl3*/^ 
->«1 8 aHSat^U y5M*l 8 bfc«fcoT8S«l£b 



(7) 

/J 

fcSB/^->l 8 0*.ft0#ia!MB£-?& 0 . (B)© 
-5. 

[0 0 8 3] tfHBtttiU U — »f* 

u>x©«jjSueiixra;*K 1 ©ea^ss b 

io T, Sffil ©«ffi©t*-A*££fil5-t&,r.i:{;:J;oT$iJ 

1 *-&*-&Tffllr^-A*fP* -ttc 
.toTffiiSTS. V— tf<D/V7—ti 0. 1~1. 0J/ci2ttt 

[0 0 8 4] in, <d) (DmmmRis © oftsacs 

•TJ;-5tC, J1«XU v v35l 8 b(Cfeo#l/vX h^,<=> 

20 T, iE#^iC«bT«»*[*]R^i«*f»&S!lffl)bT, 
|fiIS§©/15'->g|$fCidc>£U'> ! 7. N4CD/1^ — >SrJKfiK 

[0 0 8 5] ;©»o?Vy7h4©/W->li, mm 

m i i uism \z j: o T»*r * c t **t- # * . 

[0 0 8 6] ' (F) ©HPrMSStf (G) ©£HI0tC 

ai^bfci5i8Syi5'->i 8©§B^icm-<D 

&«IJt£bTlB£IRJS20/im, = y ^H&RfflOtfmR 
tf&£KJM.5 tfmfflllCtlWoSl/. #fl&Bi5£ 

30 [0 0 8 7] SIC, (H) ©Wffl^&tfRtf (I) ©#4110 

jkzs (K)<Dm$im\z^-f&o\z, i7f>y»it5i 

<hfc:<koT, ffi. X7^k &7&>£f&5/1*->tt©II] 
[0 0 8 8] K±©i^tC. CO*Jfi«Ttt«>'o€rW'^ 

7.h4*a*xu ->->*gei 8 b£©*»j*-rnH«k<, 

[0 0 8 9] 

<D±ffi\zmiTMf$.-?Z>Zttf-CZZ>. -^bT, C©X 
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[0 0 9 0] tt*3B2E«056WC*^Tt). ©-p£U 

[0 0 9 1] *fc, «flP»-3«lCJ:?T«MRa)iaKAi 
[0 0 9 2] *fc, 1/^7 h09/t^ — >(c«a&TJ£^K: 

[0 0 9 3] If*^3IB«©^H^trt5UTt), 

[0 0 9 4] SfflfcSttteiiiK&fllBtSJBJfcLT 
[0 0 9 5] m$g4 8Stt©%9]tt. *«*f#»&rit*A< 

ga*&B&<3 5KigjWg<fco-c^*>. 

[0 0 9 6] W*«5fB*©%B^«, 1MB, *0, i^- 

[0097] rnxmemmomm*. mmtfr 

[0 0 9 8] BI*B7ie*©56iJlitt. J6o*U5?XhS 
[0 0 9 9] fifls»tt©a«^U y^«fc*>«»l 

[0 10 0] §8*318, 9, XttlOE*©3fi9itt, 

[0 10 1] ffi3frSlltett©&9itt. ;XW»ftl« 

T, AMD. AO. J^-ttJ**CWier4^tA«T#5. 
[0 10 2] 8»*3B12B2*©fBWT?tt, fg&fSnS'SM 



(8) 

14 

©T, *W*->«©*£Ktt**fc»gK«fcoTii 
5d<hA*T#S. 
[01] *Ml«l©*IS**-rBiWEIT»*. 

io [02] m±^mm<Dmtt%i&<D®LWffif$.Z7fi-?wtwm 
[S3] n±*jas«©»*ft©«»**-rwwHT?* 
[04] H±ms«©gij«c»*s«©«is*iaswr» 

[0 5] R±&ttfl<D9J&tt#ttB®*Kft&€*H-K 
[0 6 ] H±2&««©9JfcS6**©IWfflS*T8l9!ei-e 

**. 

20 [0 7] £JiM2©ftIg*ji*-r«ft91BIT**. 
[0 8] HJS«3©#XS*w-rBi^BT**. 

[0 9] mffim4<D&T.mz7ii-rmwmT°3bZo 

[010] H««5©#X8S:*-rBlKHTr**. 
[011] *Jffi0iJ6©#XS*^-riftW0Tfe<5. 
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